multicolor control would be a feasible development to broaden our ability to probe multicomponent systems, such as those recently discovered for nucleoli and stress granules. These cellular bodies appear to be composed of phase-separated structures formed from a static gel-like core surrounded by a dynamic liquid phase (Feric et al., 2016; Jain et al., 2016) .
However, even the most sophisticated light-based control mechanisms will only be able to resolve parts of the mysteries around phase separation. It is intriguing that many liquid-liquid phase separating proteins contain intrinsically disordered domains (IDD), which lack stable structure in their native state, as well RNA binding domains (RBB). In fact, the underlying design principle of the fusion construct presented by Shin et al. (2017) was to swap the RBB domain with CRY2 and fuse this to the IDD domain of FUS, HNRNPA1, and DDX4. Future studies combining the optoDroplet method with systematic mutagenesis could enable a better understanding of the functional relevance of sequence composition and complexity of the IDD. However, the very design of the optoDroplet tool precludes asking at the same time what role the properties of RNA play. As RNA mixtures are frequently added to in vitro phase separation experiments and are abundant in many of the cellular bodies studied for phase separation, questions about whether it is an important but inert bystander or what specific aspects of RNA structure or chemistry are critical for functional phase separated droplets still remain to be investigated. Right now, our tools to control and study RNA function are underdeveloped compared to proteins.
With the innovative concept introduced here, the authors have ushered in a new generation of in vivo, quantitative, phase separation studies, which will hopefully shed light on the physiological and pathogenic aspects of such processes.
Extracellular membrane vesicles from bacteria are now shown to transfer phage receptors from susceptible to resistant cells, thus making them transiently sensitive to phage infection (Tzipilevich et al.) .
Viruses that infect bacteria, or phages, play key roles in microbial ecology and apply constant evolutionary pressure on bacterial communities. Phage infection begins with the attachment (adsorption) of the virus to its cognate receptor-an extracellular molecule on the bacterial cell envelope. This adsorption is followed by injection of the viral genetic material into the bacteria, expression of phage genes and phage DNA replication, and eventually, virion assembly and cell lysis. The presence of the phage receptor on the bacterial cell is essential for phage attachment, and without it, no infection can take place. Indeed, lab evolution experiments and metagenomic studies of natural populations have demonstrated that development of bacterial resistance to phage is very frequently achieved by a mutation in the phage receptor, preventing phage adsorption and prohibiting infection (Avrani et al., 2011; Mizuno et al., 2014) . In this issue of Cell, Tzipilevich et al. (2017) report that bacteria lacking phage receptors can become transiently sensitive to phage and get infected. This is mediated by membrane vesicles, released from phage-sensitive cells, which carry the phage receptor and transfer it to the resistant cells.
The study of Tzipilevich et al. (2017) begins with the observation that, when phage-resistant Bacillus subtilis cellswhich completely lack the gene for the phage receptor-are co-cultured with phage-susceptible cells, a small proportion of the resistant cells are infected and lysed by phages. By directly visualizing fluorescently labeled adsorbed phages on fluorescently labeled resistant cells, the researchers verify that phages actively infect these cells. They further validate that the phage genome is injected and expressed in the resistant cells by fluorescently marking the phage DNA and phage proteins and observing them in the resistant cells. Strikingly, this phenomenon is not limited to co-culture of sensitive and resistant cells of the same species; for example, phages naturally infecting Bacillus subtilis also adsorb to Bacillus cereus cells when these cells are co-cultured with Bacillus subtilis cells during infection.
The authors suspected that the acquired phage sensitivity is due to transfer of the phage receptor between cells. Indeed, they directly visualize phage receptors on resistant cells, but only if these cells are first co-cultured with sensitive, receptor-expressing cells. Surprisingly, the acquired susceptibility to phage is transient. The authors show this by isolating resistant cells that have undergone conversion and demonstrate that their progeny are resistant to the phage and do not express the phage receptor. The rapid loss of phage susceptibility suggests that the basis to this phenomenon is not genetic, ruling out horizontal gene transfer as the underlying mechanism.
If not horizontal gene transfer, what may be the mode of phage receptor transfer? The authors first suspected nanotubes, which are physical bridges existing between B. subtilis and other cells (Dubey and Ben-Yehuda, 2011 ). However, experiments with nanotube-deficient mutants did not prevent the receptors from traveling to resistant cells. Instead, the mode of transfer of surface molecules is shown to occur via extracellular membrane vesicles. Such vesicles are membrane-enclosed small spheres that are known to be generated by both Gram negative and Gram positive bacteria (Brown et al., 2015; Kulp and Kuehn, 2010 ). The authors demonstrate that vesicles released by phage-sensitive cells carry the phage receptor YueB and that addition of purified extracellular vesicles from phage-sensitive cells is sufficient to induce phage susceptibility in resistant cells. As phageinduced cell lysis promotes the formation of membrane vesicles (Turnbull et al., 2016) , the tendency of resistant cells to acquire susceptibility to phage is increased by lysis of phage-sensitive cells in their surroundings (Figure 1) .
The discovery that phages can successfully infect resistant cells following transient acquisition of receptor molecules has several intriguing implications. First, it provides an avenue for phagemediated horizontal gene transfer (also called transduction) into species not serving as natural hosts for these phages. As many phages have a narrow host range, this new mechanism can explain how phages can serve as vectors to transfer genes into bacteria that are genetically resistant to them. Although most transduction-mediated horizontal gene transfer is thought to occur between closely related bacteria (Popa et al., 2016) , the observation that receptors can travel between Bacillus subtilis, Bacillus amyloliquefaciens, and Bacillus cereus suggests that the mechanism discovered by Tzipilevich et al. (2017) can broaden the effective host range for phagedependent gene transfer. This possibility necessitates more research, though, as Tzipilevich et al. (2017) only demonstrate adsorption of phages, and the question of whether DNA injection takes place following the adsorption remains open.
It is important to note that receptor transfer to resistant cells is a rare event, probably affecting less than 1% of the resistant cells, with limited effect on the population dynamics of these cells during infection. Tzipilevich et al. (2017) observe and document this rare event through high-resolution microscopic examination of the co-culture infection process at single-cell resolution, combined with phage transduction assays and other methods. This demonstrates how, despite many decades of research on phage-bacteria interactions, application of new methodologies can yield surprising discoveries in the field.
In a broader context, these results provide another example for the increasingly appreciated roles of membrane vesicles in the sophisticated molecular exchange between bacteria. Such extracellular membrane vesicles have been shown to carry genetic material, as well as proteins and lipids, and are known to be involved in pathogenicity, communication, and antagonistic interactions between bacteria (Kulp and Kuehn, 2010; MacDonald and Kuehn, 2012). Previously, extracellular vesicles were shown to provide protection against phages by serving as decoys to phage adsorption, thus lowering the effective phage concentrations (Manning and Kuehn, 2011) . Now, their capabilities to promote phage infection shed a new light on their molecular roles and suggest that bacteria using membrane vesicles as decoys against phage may inflict collateral damage on bystander bacteria that are naturally resistant to the phage.
Transfer of phage receptors might be just the first example of surface components sharing between bacteria through membrane vesicles. As surface molecules are involved in multiple aspects of bacterial life in addition to phage susceptibility, this new interaction mechanism may lead to surprising discoveries in the future.
